Introduction
============

Surgical extraction of impacted third molar teeth is one of the most frequent operations in the field of oral and maxillofacial surgery (OMS), worldwide. Similar to other oral surgical procedures, patients suffer from a number of discomforts and disabilities (swelling, pain, and trismus ongoing seven to ten days after surgery). These morbidities are due to inflammatory response in consequence of surgical trauma. The postsurgical morbidities affecting jaws and face cause significant discomfort to patients. In attempt to reduce inflammatory response associated with surgical trauma and postoperative morbidity after OMS, many adjuvant applications including different surgical techniques,^[@B1]^ drugs,^[@B2],[@B3]^ drains,^[@B4],[@B5]^ low-level-laser therapy,^[@B6],[@B7]^ cooling therapy^[@B8]^ or physical therapy^[@B9]^ have been reported. Drug-related adverse effects, complications and contraindications led researchers to study non-drug methods. One of the adjuvant applications to reduce morbidity after traumatic injuries in sports medicine is kinesio taping (KT), which was introduced as an elastic therapeutic taping technique in 1970s.^[@B10]^ The KT technique implements its effect on lymphatic drainage by lifting the skin, thus guiding lymph flow to move from higher to lower pressure sites.^[@B11]-[@B13]^ Based on this physiologic principle, KT removes congestions of lymphatic fluids and hemorrhages.^[@B11],[@B12]^ Taping can also affect mechanoreceptors of joints and muscles, decreasing the nociceptive pain.^[@B13]^ On the other hand, a recent meta-analysis concluded that the use of kinesio taping in musculoskeletal disorders had insufficient evidence.^[@B14]^

However, despite the vast clinical experience, evidence-based scientific publications on the effectiveness of KT technique in the field of OMS are scarce. Recent studies evaluated the effects of KT technique after OMS procedures including impacted tooth surgery, maxillofacial trauma and orthognathic surgery.^[@B5],[@B15]-[@B21]^ Recent studies have shown that KT is a useful method for reducing postoperative morbidity by improving blood and lymphatic circulation. However, to the best our knowledge, previous studies comparing the actual effectiveness of KT technique in OMS area did not include a placebo-taping group. Therefore, placebo effect could not be distinguished from the real effectiveness of KT technique in OMS field. Our placebo-controlled clinical study seeks to investigate the actual effectiveness of KT on postoperative morbidity when compared with placebo taping and no taping (control) groups after impacted mandibular third molar surgery. Our hypothesis is that KT reduces postoperative morbidity after surgical extraction of third molar teeth by improving lymphatic drainage; however, placebo taping is not as effective as proper taping.

Methodology
===========

Patient Recruitment and Study Groups
------------------------------------

This prospective, randomized, placebo-controlled clinical study was performed according to the ethical standards of the Declaration of Helsinki. The study protocol was approved by the institutional ethics committee (No: 26-14-061213). The participants signed an informed consent form after being informed about the study protocol.

A sample size was estimated for the main outcome measure, the pain, considering the results of a previous study^[@B18]^ (the required minimum mean difference was set as 1.4 VAS value for statistical significance). To obtain a power of research of 0.80, 54 patients were required (estimated effect size is 0.20), which resulted in 18 patients per group. Considering data loss due to patient dropouts, 10% increase was added in sample size, resulting in 20 patients in each group, totaling 60 patients.

The inclusion criteria for the study were systemic healthiness and presence of impacted mandibular third molars with similar impaction level (Pell and Gregory classification: Class 2, position B).^[@B22]^ Exclusion criteria were patients younger than 18 years, pregnant or lactating women, patients with medical contraindications for the surgery, sensitivities to the tape, unwillingness to participate in the study, presence of pericoronitis, odontogenic cyst or tumor associated with impacted tooth.

The patients that met the inclusion criteria were randomly assigned to one of the three study groups using a randomization software (QuickCalcs; GraphPad Software Inc., La Jolla CA, USA). After surgical extraction of impacted mandibular third molar; the patients were assigned into three groups: group 1 received KT (kinesio group), group 2 received placebo taping (placebo group), and group 3 received no taping (control group). The patients had only one tooth extracted and participated in only one treatment group.

Surgery
-------

All surgeries were performed by the same oral and maxillofacial surgeon on patients under local anesthesia (Articaine in 4% solution with 1:200,000 epinephrine; Ultracaine DS^®^, Aventis Parma, Istanbul, Turkey) and sterile conditions. The osteotomy (and crown sectioning in necessary cases) was performed using low-speed hand pieces (NSK, Tochigi, Japan) under sterile saline irrigation. Subsequently, curettage of the socket was performed and irregular bone borders were evened. Primary wound closure was performed using polyglactin resorbable sutures (3-0 Vicryl, Ethicon^®^, Cornelia, GA, USA). After surgery, all patients were prescribed antibiotics (Amoxicillin + clavulanate, Augmentin, Glaxo Smith Kline, Istanbul, Turkey), analgesics (Flurbiprofen, Majezik, Sanovel, Istanbul, Turkey), and antiseptic mouthwash (Benzydamine HCl + chlorhexidine gluconate, Farhex, Santa Farma, Istanbul, Turkey) for postoperative 7 days. The patients were informed to use the analgesics only when needed and record the number of pills used.

Kinesio Taping
--------------

Kinesio taping was performed just after the surgery. All taping procedures were performed by the same KT certified physician according to the lymphatic correction technique described by Kase, et al.^[@B10]^(2003) Kinesio^®^ Tex Gold^TM^was used as KT material. Before the application, patient's skin was cleaned, and moisture- and oil-free condition was provided. The lymphatic correction technique was used to remove the edema. The taping material was cut into five pieces equal in width, leaving 1.5-2.0 cm uncut tape at the base. The base of the five-strip taping material was applied slightly above the supraclavicular lymph node without tension. The strips were then directed at the lymphatic duct and applied one by one with slight tension (15% of available) ([Figure 1](#f01){ref-type="fig"}). One I-shaped kinesio strip was used for placebo taping. The strip was applied parallel to the axis of the corpus mandible. No tension was applied to the taping material. Tapes remained for 5 days.

Figure 1Clinical application of kinesio taping

Data Collection
---------------

All measurements were performed by the same researcher. The surgery time was recorded for each patient as the time elapsed between initial incision and final suturing. Measurements and data collections were performed at four specific time points: baseline, 2^nd^, 4^th^, and 7^th^ postoperative days.

To evaluate trismus, maximum mouth opening (MMO) was recorded using calipers. The MMO was measured between the edges of upper and lower central incisors in millimeters.

Facial swelling was assessed by a three-line measurement method using a flexible plastic tape measure. The corresponding lines were tragus-ala nasi (Tr-An; from the most posterior point of the tragus to the most lateral point of the ala nasi), tragus-commissure (Tr-Co; from the most posterior point of the tragus to the most lateral point of the lip commissure), and tragus-pogonion (Tr-Po; from the most posterior point of the tragus to the pogonion) distances. These measurements were performed with the patient sitting at 90° straight position with physiologic rest position of the mandible.

The pain was evaluated by patient self-assessment using a visual analogue scale (VAS, 0-10 cm), in which the endpoints indicate "no pain" and "unbearable pain". The patients were asked to put a mark along the VAS line to specify their pain experiences at two different states: VAS score for pain at resting (r-VAS) and chewing (c-VAS). The numbers of analgesic tablets taken were also recorded during follow-up visits.

Statistical Analysis
--------------------

The statistical analysis was performed using SPSS software (SPSS 17.0; Chicago, IL, USA). Descriptive analyses and chi-squared test were used to compare participants' baseline characteristics. One-way ANOVA was used to test differences among the groups at the same time interval. Bonferroni-corrected post-hoc tests were used for multiple comparisons. The level of significance was set at p\<0.05.

Results
=======

Baseline Characteristics
------------------------

In total, 60 patients that met the inclusion criteria were enrolled in the study and randomly allocated to one of the three study groups (20 patients in each). Our study was conducted without droppouts. The baseline characteristics of the groups, including age, gender, and operation time, are shown in [Table 1](#t1){ref-type="table"}. There were no differences among the groups regarding of baseline characteristics (p\>0.05; the exact p-values are shown in [Table 1](#t1){ref-type="table"}). No complications were evident during study.

Table 1Participants\' baseline characteristicsBaseline characteristicsGroupsp Kinesio (n=20)Placebo (n=20)Control (n=20) Age, years, mean ± SD27.2 ± 5.824.6 ± 5.225.3 ± 3.90.257^a^Gender, female, n (%)15 (75.0)18 (90.0)17 (85.0)0.431^b^Operation time, min, mean ± SD25.8 ± 3.127.1 ± 2.726.8 ± 2.80.980^a^[^3][^4]

Comparison of Facial Swelling Measurements
------------------------------------------

Facial swelling measurements were compared as both separate values of each three lines and as mean sum of all line values. The baseline facial measurements among the three groups were comparable (p\>0.05). During the postoperative 2^nd^ and 4^th^ days, significant differences were observed among the groups (all p\<0.001; the exact p-values were shown in [Table 2](#t2){ref-type="table"}). The mean sum of facial swelling values in placebo group was significantly lower than control group during the postoperative 2^nd^ and 4^th^ days (p=0.002 and p=0.006 respectively). Values in KT group were significantly lower than the other groups at both follow-up visits. During the postoperative 7^th^ day visit, all groups showed comparable swelling values (p\>0.05). Facial swelling percentage values were also estimated using mean sum of the all three line measurements compared to baseline values ([Figure 2](#f02){ref-type="fig"}). Regarding facial swelling percentages, KT group showed significantly lower values (10.6±2.7%) when compared with the placebo and control groups (37.5±3.9% and 39.2±7.0%, respectively) during the postoperative 2^nd^ day follow-up visit (all p\<٠.٠٠١). Likewise, patients in KT group showed significantly less facial swelling values (5.9±1.9%) when compared with those in placebo and control groups (28.8±4.3% and 29.9±5.3%, respectively) on the 4^th^ day follow-up visit (all p\<٠.٠٠١). However, placebo and control groups showed similar results on the 2^nd^ and 4^th^ day follow-up visits (p=0.823 and p=1.000, respectively). Comparable swelling percentage values were observed in all groups (0.9±1.4%, 1.5±2.2%, and 2.2±2.1%, respectively) on the 7^th^ postoperative day (p=0.112) ([Figure 2](#f02){ref-type="fig"}).

Table 2Comparison of facial swelling measurements (cm) among the three groups. All values are shown as mean ± SDSwellingGroupsp\*p1-2p1-3p2-3 Kinesio (n=20)Placebo (n=20)Control (n=20)    Baseline       Tr-An11.1 ± 0.910.5 ± 0.810.6 ± 1.00.2150.2950.5521.000Tr-Co10.6 ± 0.910.7 ± 0.511.1 ± 0.80.1441.0000.2180.329Tr-Pg15.0 ± 1.514.8 ± 0.414.8 ± 1.20.8461.0001.0001.000Sum36.7 ± 2.936.1 ± 1.436.2 ± 2.70.7281.0001.0001.0002^nd^ postoperative day       Tr-An11.5 ± 0.913.1 ± 0.914.9 ± 1.2\<0.001\<0.001\<0.001\<0.001Tr-Co12.3 ± 0.915.8 ± 0.916.4 ± 1.1\<0.001\<0.001\<0.0010.250Tr-Pg16.8 ± 1.619.6 ± 0.920.4 ± 1.4\<0.001\<0.001\<0.0010.202Sum40.6 ± 3.048.5 ± 2.051.7 ± 3.3\<0.001\<0.001\<0.0010.0024^th^ postoperative day       Tr-An11.1 ± 0.912.3 ± 0.814.1 ± 1.3\<0.0010.001\<0.001\<0.001Tr-Co10.8 ± 1.115.0 ± 0.915.2 ± 1.0\<0.001\<0.001\<0.0011.000Tr-Pg15.1 ± 1.819.1 ± 1.219.3 ± 1.3\<0.001\<0.001\<0.0011.000Sum37.1 ± 3.345.6 ± 1.848.6 ± 3.4\<0.001\<0.001\<0.0010.0067^th^ postoperative day       Tr-An11.0 ± 1.010.5 ± 0.810.6 ± 0.90.1790.2780.3881.000Tr-Co10.6 ± 0.910.8 ± 0.611.2 ± 0.90.1091.0000.1150.547Tr-Pg15.0 ± 1.515.2 ± 0.815.4 ± 1.10.4921.0000.7101.000Sum35.7 ± 5.936.6 ± 1.837.1 ± 2.80.5351.0000.8341.000[^5][^6][^7][^8]

Figure 2Box-and-whisker graphic of facial swelling percentage values of the patients of kinesio, placebo and control groups during follow-up visits

Comparison of Pain Measurements
-------------------------------

During the postoperative 2^nd^ and 4^th^ day follow-up visits, significant differences were observed in pain VAS scores among the groups ([Table 3](#t3){ref-type="table"}, all p\<0.001). After multiple comparisons, we found that pain values in KT group were significantly lower than in placebo and control groups on the postoperative 2^nd^ and 4^th^ days (the exact p-values are shown in [Table 3](#t3){ref-type="table"}). During the postoperative 7^th^ day follow-up visit, all groups showed comparable pain values in both resting and chewing states ([Table 3](#t3){ref-type="table"}). The patients of KT group took significantly less analgesic tablets than patients of placebo and control groups at all follow-up visits ([Table 3](#t3){ref-type="table"}). Regarding pain VAS scores and number of analgesic tablets, placebo and control groups revealed comparable outcomes in all follow-up visits.

Table 3Comparison of pain parameters (r-VAS and c-VAS values, and total number of analgesic tablets taken) among the three groups. All values are shown as mean ± SDPainGroupsp\*p1-2p1-3p2-3 Kinesio (n=20)Placebo (n=20)Control (n=20)    2^nd^ postoperative day       r-VAS1.9 ± 1.54.7 ± 3.04.4 ± 1.5\<0.001\<0.0010.0021.000c-VAS3.4 ± 1.75.8 ± 2.56.3 ± 1.5\<0.0010.001\<0.0011.000Analgesic2.9 ± 1.14.6 ± 1.15.3 ± 1.1\<0.001\<0.001\<0.0010.2054^th^ postoperative day       r-VAS0.6 ± 0.92.1 ± 1.72.5 ± 1.3\<0.0010.003\<0.0011.000c-VAS1.2 ± 1.33.5 ± 1.94.4 ± 1.5\<0.001\<0.001\<0.0010.294Analgesic4.5 ± 2.27.1 ± 1.27.9 ± 1.7\<0.001\<0.001\<0.0010.3297^th^ postoperative day       r-VAS0.1 ± 0.30.1 ± 0.20.1 ± 0.30.8121.0001.0001.000c-VAS0.2 ± 0.40.2 ± 0.50.4 ± 0.70.5031.0000.7851.000Analgesic5.1 ± 2.18.7 ± 1.29.3 ± 1.4\<0.001\<0.001\<0.0010.878[^9][^10]

Comparison of Trismus Measurements
----------------------------------

The baseline MMO values were comparable in the three groups (p=0.780) ([Table 4](#t4){ref-type="table"}). We found that MMO values in KT group were significantly higher than in placebo and control groups on the 2^nd^ and 4^th^ day follow-up visits (The exact p-values are shown in [Table 4](#t4){ref-type="table"}). However, all groups showed comparable MMO values during postoperative 7^th^ day follow-up visit (p=0.205). Considering pairwise comparison of MMO, placebo and control groups showed comparable results in all follow-up visits ([Table 4](#t4){ref-type="table"}).

Table 4Comparison of mouth-opening values (mm) among the patients of the three groupsGroupn Mouth Opening (mean ± SD)  Baseline2^**nd**^ day4^**th**^ day7^**th**^ dayKinesio2045.7 ± 3.834.5 ± 9.842.8 ± 6.644.1 ± 4.2Placebo2045.5 ± 4.627.7 ± 2.630.0 ± 3.343.4 ± 4.8Control2044.7 ± 5.124.0 ± 3.729.2 ± 2.841.9 ± 2.6p\* 0.780\<0.001\<0.0010.205p1-2 1.0000.003\<0.0011.000p1-3 1.000\<0.001\<0.0010.253p2-3 1.0000.2101.0000.663[^11]

Discussion
==========

Postoperative swelling, pain, and limitation of mouth opening are common after impacted third molar surgeries and severely decrease the patients' quality of life. Despite the increased clinical application of KT in physiotherapy practice, especially after traumatic injuries, only a few studies investigate the effectiveness of KT in OMS literature; two studies showing effects of KT after maxillofacial trauma,^[@B17],[@B19]^ four studies after impacted tooth surgery,^[@B5],[@B15],[@B16],[@B18]^ two studies after orthognathic surgery,^[@B20],[@B21]^ and one study for temporomandibular joint disorders.^[@B23]^ However, the aforementioned studies did not include placebo taping. Thus, the actual efficacy of KT application, distinguished from the placebo effects, on postoperative morbidity after OMS is not clear in the literature.

Ristow, et al.^[@B19]^ (2014) revealed that KT application significantly reduced swelling but were not effective against pain and trismus control after surgical treatment of zygomatico-orbital fractures. In another study, Ristow, et al.^[@B17]^ (2013) reported that KT did not significantly reduce postoperative trismus and pain after surgical treatment of mandibular fractures. Likewise, Tozzi, et al.^[@B20]^ (2016) reported that KT had a significant effect on reduction of facial swelling but no effect on pain and trismus reduction after orthognathic surgery. These studies did not contain placebo group. Thus, the aforementioned insignificant effects of KT on pain and trismus control might be due to the placebo effects pooled in the kinesio group. Ristow, et al.^[@B18]^ (2014) showed that KT resulted in significantly lower postoperative swelling, pain and trismus on day 2 and 3 after impacted third molar surgery when compared with the control group. In a recent split-mouth clinical study, da Rocha Heras, et al.^[@B15]^ (2020) concluded that KT was effective in reducing edema and pain after impacted third molar surgery. A recent split-mouth clinical study by Gözlüklü, et al.^[@B16]^ (2020) reported that their newly described KT method was more effective when compared with classic KT method in reducing postoperative morbidity after impacted third molar surgery. Genc, et al.^[@B5]^ (2019) compared the effectiveness of KT and surgical drain on postoperative morbidity after third molar surgery, observing significantly greater swelling and pain in KT group, and comparable occurrence of trismus in both groups. Lietz-Kijak, et al.^[@B21]^ (2018) revealed that KT had beneficial effects on the reduction of facial swelling after orthognathic surgery. Coskun Benlidayi, et al.^[@B23]^ (2016) investigated the efficacy of KT in patients with TMD regarding functional jaw movements, pain scores for joint and masticatory muscles, and depression and disability scores. The authors reported that additional KT application was more effective for treatment of TMDs than counseling and exercise alone. Another study reported that KT application on latent myofascial trigger points significantly decreased the pain scores and increased the range of motion of TMJ.^[@B24]^ A recent study by Keskinruzgar, et al.^[@B25]^ (2019) compared the efficacy of KT and occlusal splint therapy for management of myofascial pain in patients with sleep bruxism. The authors concluded that KT was an effective method in reducing muscle pain and increasing mouth opening, also showing comparable results with splint therapy. However, the aforementioned studies did not contain placebo group, which might bring into question KT real effectiveness.

In our study, the patients were divided into three groups: kinesio, placebo, and control. One of the novel features was that placebo effect of taping was also compared with kinesio and control groups. To the best our knowledge, this is the first study showing the actual effectiveness of KT therapy on recovery after impacted mandibular third molar surgery that included placebo-controlled results. This special emphasis on placebo taping might allow us to differentiate the true merit of kinesio taping after surgery-related trauma in maxillofacial region. The patients with solely mandibular impacted tooth with similar impact level were included in our study to provide standardization. Furthermore, all surgeries were performed by the same oral surgeon in comparable operation time and all KT applications were performed by same professional. Patients' baseline characteristics in all groups were comparable. Thus, the differences among the groups can be attributed to the efficacy of KT application.

Our study showed that KT application significantly reduced postoperative morbidity (swelling, pain and trismus) on days 2 and 4 after impacted tooth surgery. The effectiveness of KT ended on 7^th^ postoperative day. Our study also contained placebo and control groups that did not show similar significant effects when compared with the kinesio group. Thus, we can conclude with confidence that our hypothesis was mostly confirmed.

Some factors affect the effectiveness of KT, such as tape thickness, adhesion and stretch capacity, and correct application technique.^[@B12]^ The KT can stretch up to 1.4 fold of its original length, and recoils back to its original length during the following days. For proper KT application, the head of the patient should be rotated and the muscles should be extended in order to stretch the skin before taping. When head of the patient returns to its resting position, the elastic band subsequently recoils back and forms convolutions on the taped skin. When the taping technique is correctly applied, the tape pulls the skin and increases the interstitial space between the skin and connective tissue, thus promoting the hemorrhagic and lymphatic drainage.^[@B12]^ Since KT is thought to improve the blood and lymph flow, it has become a popular method in the management of lymphedema.^[@B11]^ In our study, we observed that in addition to decreasing swelling, KT reduced trismus and pain, possibly due to decreased lymphedema and skin tension. However, these effects were not seen in placebo group (taping without tension). Considering favorable effects of KT on pain and trismus, our results were different from previous studies,^[@B17],[@B19],[@B20]^ in which KT was reported to be ineffective on pain and trismus control. In consistence with previous investigations,^[@B17]-[@B19]^ the KT was removed on the 5^th^ postoperative day in our study. However, Genc, et al.^[@B5]^ (2019) reported that the tape was removed on the 2^nd^ postoperative day. The application time of the therapeutic tape might also influence KT effectiveness.

In our study, the methods for swelling, pain and trismus measurement were precise, simple, inexpensive, and of easy approach, also being reported in many previous studies.^[@B1],[@B5],[@B15],[@B17]-[@B19],[@B21]^ The 3-D assessment of postoperative facial swelling was reported as a novel and accurate method in recent studies.^[@B8],[@B16],[@B20],[@B26]^ However, this method has not yet been considered easy, practical, cheap, and widely available. One of the novel aspects of our study was that the effectiveness of KT on facial swelling was reported by each line measurement separately as well as mean sum values. In all of the previous studies,^[@B5],[@B17]-[@B19],[@B21]^ facial swelling was reported only by mean sum of all line measurements. Due to this separate reporting emphasis, effectiveness of KT on each line region could be investigated in detail. Our study revealed that placebo taping showed significantly less facial swelling values on the Tr-An line but comparable swelling values on the Tr-Co and Tr-Pg lines on the 2^nd^ and 4^th^ days of follow-up visits. However, KT application significantly decreased swelling in all line measurements.

Our research showed that approximately 10.6% increase in mean facial swelling was observed in patients in kinesio group on the 4^th^ postoperative day, whereas the patients in placebo and control groups showed about 37.5% and 39.2% increase, that is, approximately 3.6 fold more swelling. Considering trismus, the mean MMO values of the patients in kinesio group reached above 40mm on the 4^th^ postoperative day, that is, no limitation at mouth opening, whereas the mean MMO values in placebo and control groups were below 35 mm, showing ongoing trismus. These results mean that patients in kinesio group might go back to their social and professional life earlier compared to the placebo and control groups. Previous studies reported that kinesio caused early peak swelling and faster swelling reduction after surgery.^[@B18],[@B19]^ Thus, KT application may decrease the workforce loss of the individuals and may have positive influence on economic impact. Moreover, the patients treated with kinesio therapy needed significantly less analgesic drugs, possibly reducing and/or anticipating drug-related side-effects.

One of the limitations of our study was that it was not a split-mouth study. Different patients were assigned into three different study groups. A split-mouth study design might provide better evidence level. However, patients' baseline characteristics, including age, gender, and operation time distribution, showed comparable results. Another limitation might be that swelling was not assessed with 3D methods, which could provide volume comparison. However, tape measuring method used to assess swelling in our study was frequently used in previous studies and reported to be reliable.^[@B5],[@B15],[@B17]-[@B19],[@B21]^ Thus, we could compare our results with previous similar studies.

Although absent in our study, taping-related complications such as irritation or allergic reactions on skin should be considered. Thus, patients should be informed about possible adverse reactions before taping, especially those with sensitive skin.

Conclusion
==========

The KT application is an effective method for reducing postoperative morbidity (swelling, pain, and trismus) after impacted mandibular third molar surgery. However, placebo taping is not as effective as proper taping. Placebo taping shows similar results compared to no taping regarding facial swelling percentage, pain, and trismus.

The study protocol was approved by the Ethics Committee of Cukurova University School of Medicine (No: 26-14-061213).
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